The search for biochemical markers for the objective diagnosis of alcoholism has been a topic of research because of the important clinical and forensic implications. In the last few years, two minor ethanol metabolites (ethylglucuronide and fatty acid ethyl esters) have been mainly investigated in hair samples for their ability to be incorporated into this biological matrix. The aim of this study was to experience the detection of fatty acid ethyl esters (FAEE) in the hair of alcoholics, social drinkers, and teetotallers in order to give a contribution to the existing literature. Hair samples from 12 alcoholics, 10 social drinkers, and 10 teetotallers were analyzed by gas chromatography-mass spectrometry technique after headspace solid.phase microextraction with deuterated internal standards. A slight overlap in FAEE concentration between the three groups was found, probably because of external contamination. This observation suggests particular attention to the interpretation of the results. Nevertheless, the results obtained show the usefulness of these biochemical markers in the diagnosis of alcoholism.
Introduction
Alcoholism is one of the most frequent addictions, and ethanol use and abuse is one of the major public health problems in many countries and is an important subject in forensic medicine and clinical toxicology.
Scientific researchers have dedicated special attention to the detection of the markers for the objective diagnosis of alcoholism. In the last few years, many papers on this subject have been published (1-4) with a special attention to ethyl glucuronide (5-7) and fatty acid ethyl esters (FAEE) (8) (9) (10) .
FAEEs are non-oxidative metabolites of ethanol, and they are direct markers because they carry the intact ethyl group. These metabolites are formed by the reaction of ethanol with free fatty acids, triglycerides, lipoproteins, and phospholipids, mainly under the catalysis of FAEE synthase (cytosolic and mi-crosomal). They have been detected in many biological fluids, such as blood (11, 12) , liver (13) , and meconium (14, 15) . Recently, some authors (16) (17) (18) proposed their determination in hair samples in order to clarify the chronic intake of ethanol, and they mostly identified palmitate, stearate, oleate, and myristate ethyl esters.
Hair analysis has proven to be a suitable tool for the retrospective detection of the illicit or therapeutic drug intake. It is a well-known fact that drugs of abuse can accumulate in hair, and the wider time window with respect to blood and urine allows their use for the evaluation of a long-term history (19) .
In the same way, it has been suggested that ethanol metabolites could accumulate in hair; therefore, their determination could be used to assess chronic alcohol intake.
The cutoff chosen by Auwarter et al. (20) was set at 1.0 ng/mg as the sum of the four main esters, and this cutoff was confirmed by a study of a larger number of hair samples examined in cooperation between two main laboratories in Luxembourg and Germany (21) .
In Italy the diagnosis of chronic alcohol abuse is actually performed using some enzymatic and haematological parameters that lack in sensitivity and specificity. Only a few laboratories actually use carbohydrate deficient transferrin tests for the diagnosis of alcoholism. The combination of a physician interview, questionnaire, and laboratory markers is hence necessary for the diagnosis of alcoholism.
The present study refers to the experience of detecting FAEEs in hair using gas chromatographic-mass spectrometric (GC-MS) determination after headspace solid-phase microextraction (HS-SPME).
Materials and Methods
To isolate the main ethyl esters from hair samples, a liquid-liquid extraction procedure followed by HS-SPME was applied to hair specimens, as suggested by Pragst et al. (17) . and 12 alcoholics were subjected to analysis, and personal data were collected.
The samples were cut from the posterior vertex region of the head, as close as possible to the scalp. The length and color of the hair were recorded on the card, and the proximal section was identified. When hair length was higher than 5 cm, segmental analysis was performed as well.
Reagents and standards
Ethyl myristate, ethyl palmitate, ethyl oleate, ethyl stearate, and the corresponding free carboxylic acids were obtained from Sigma-Aldrich. Ethanol-d6 and thionyl chloride were also obtained from Sigma-Aldrich. All other reagents were of analytical grade.
Internal standard synthesis
Penta-deuterated internal standard analogues of each FAEE were made in-house. Their synthesis was performed at-78~ adding 50 IJL of ethanol-d6 to 10 mg of the free acids and using 10 IJL thionyl chloride as a catalyst, according to literature data (17) . The temperature was slowly increased to room temperature and then to 40~ and maintained for 2 h. The solution was finally dried and the residue dissolved in chloroform to obtain a 2 mg/mL stock solution. The reaction products were checked by GC-MS.
Decontamination procedures
To remove fats and environmental contaminants that could interfere in the analysis, different washing procedures were tested: twice with water, twice with dodecyl sulfate followed by water, and twice with n-heptane. All the washing procedures were applied to aliquots of hair coming from social drinkers and alcoholics. No significant differences between washed samples and hair without decontamination treatment were observed, n-Heptane was chosen for its higher volatility, in agreement with literature data (20) .
Optimization of the method
In order to find the best operative conditions, different amounts of hair were tested, from 10 to 100 mg of samples. No valuable differences were observed in yield; hence, a 30-mg sample of hair was chosen because dirtier extracts were obtained with the 100-rag amount.
The time of sampling of HS-SPME was tested from 10 to 60 min. An increase in extraction yield with the time was noted, but we chose 30 min for this study because 60 min was too long. Ethyl oleate was discarded from the present experiment for its negligible concentration on alcoholic samples.
FAEE extraction
After optimization of the method, the following procedure was chosen. Approximately 30-rag hair samples were submitted to the extraction procedure after double decontamination with n-heptane and the addition of a mixture of penta-deuterated internal standards corresponding to the three metabolites ethyl myristate, ethyl palmitate, and ethyl stearate (25 IJL of a mixture 1 I~g/mL each). The samples were extracted with 0.5 mL dimethylsulfoxide and 3 mL n-heptane and shaken for about 20 h at room temperature. The organic layer was evaporated to dryness in a vial, reconstituted with 1 mL phosphate buffer 0.1M (pH 7.4) and 500 mg of natrium chloride (salting-out effect), then submitted to HS-SPME at 90~ for 30 min after 5 min equilibration time. A 65-1Jm polydimethylsiloxane/divinylbenzene phase (Supelco Bellefonte, PA) was used for the microextraction. The desorption was performed at 260~ for 5 min.
GC-MS conditions
A Focus GC (Thermo Electron) equipped with a capillary column Equity-5 (30 m x 0.25 mm x 0.25 IJm), combined with an electron impact mass analyzer DSQ (Thermo Electron) set at 70 eV in single ion monitoring (SIM) mode was used. The following temperature program was applied: 1 min at 70~ then 25~ up to 290~ with 5 min final isotherm. The GC-MS analysis, performed in the SIM mode, allowed the separation and identification all the esters. Chromatographic characteristics (retention times and mass-to-charge ratios) of the compounds are reported in Table I .
Calibration and validation parameters
Hair from teetotallers were used. Calibration curves for ethyl myristate, palmitate, and stearate were built in duplicate by adding known amounts of each FAEE standard to 30 mg of hair to obtain concentrations ranging from 0.0 to 2.0 ng/mg (0.0, 0.05, 0.2, 0.5, 1, 1.5, and 2.0 ng/mg), and 25 liE of the internal standards solution (1 lJg/mL). The reproducibility of the method for the three esters considered was examined by measuring the alcoholic hair pool 12 times. Linear curves for ethyl myristate and ethyl palmitate were obtained in the range considered: y = 2.0435x -0.0356 (r 2 = 0.9944) for ethyl myristate andy = 1.542x -0.1761 (r 2 = 0.9818) for ethyl palmitate.
No acceptable curve was obtained for ethyl stearate (y = 2.2574x -0.3599), probably because of its poor reproducibility (r 2 = 0.9136).
No validation was performed for ethyl oleate because it was rarely found in real samples, as already referred. Myristate and palmitate ethyl esters showed 0.02 ng/mg limit of In Figures 1-3 , the chromatographic patterns relative to a teetotaller, a social drinker, and an alcoholic are presented. Table II summarizes some information relative to the real samples examined; moreover, the quantitative data of ethyl myristate and palmitate relative to all the samples examined are reported. The sum of the concentrations of both esters is also referred. Ethyl oleate was only sometimes found, hence no determination was performed. It can be observed that real samples exhibit higher concentrations of ethyl palmitate with respect to other FAEEs.
In Table III deposition that brings an accumulation of sebum in the distal zone. Our results seem to confirm these suggestions (Table II) . This study observed high concentrations of palmitate and myristate ethyl esters, though only a negligible amount of ethyl oleate was noted. Moreover, ethyl stearate could not be quantitated because of its poor reproducibility, but its presence was not always significant. However, our experience suggests the results obtained induce some consideration about the reliability of these biological markers. It was observed that FAEE concentrations could be not only modified by frequent washes that allowed a decrease of these compounds, but their amount could increase for the environmental contamination mainly because of the frequent use of ethanol containing cosmetics.
This trend can be explained by suggesting an in-vitro production of FAEEs from fatty acids available in sebum and ethanol coming from the surroundings, maybe under the action of bacterial synthases. This observation let us suggest a special attention to the interpretation of the results. Although this study can be considered only a preliminary report for the limited number of samples examined, it could be a useful contribution with the Italian population. In spite of the problems found in this study, both literature data and the results are certainly encouraging; however, more investigations would be necessary to establish the real usefulness of these markers. In particular, to well establish whether or not FAEEs would be suitable markers of alcoholism, a larger population would be necessary to test and unambiguously separate the three typologies of people.
